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Abstract  
A VIDEOFLUORGSCOPIC STUDY OF POSTLARYNGECTOMIZED 
ESOPHAGEAL SPEAKERS 
This s tudy was designed to explore the relat ionships between the 
physio-anatomical  s tructure of the post-1 aryngectomee and quali ty of 
esophageal  speech.  An at tempt was also made to correlate radiat ion and 
radical  neck procedures with quali ty of  esophageal  speech.  
A videofluoroscopic examination of the post- laryngectomized s i te  
was performed while 18 subjects  read a short  passage.  The observations 
from each examination were evaluated by a board cert if ied radiologist .  
The passage,  recorded on tape,  was rated by 18 judges for  quali ty on a 
scale from one to seven and seven specif ic factors of the esophageal  
speech rated on their  contribution to the overall  score as designated by 
+,  - ,  and 0.  The overall  average scores of each subject 's  speech was 
then compared to the anatomic and physiologic observations of the radi­
ologist .  Radiat ion and radical  neck procedures were also compared to 
quali ty of speech.  
The s tructure and movement of  the soft  palate,  s tructure of the 
hypopharynx,  tongue movement and s tructure,  as well  as  s tructure of the 
pharyngoesophageal  segment did not  correlate with the quali ty of esopha­
geal  speech as rated by the 18 judges.  There was a s ignificant  corre­
lat ion between esophageal  width and successful  quali ty of esophageal  
speech as well  as  to these seven factors-:  number of  words said in one 
phrase,  pronunciat ion,  understandabil i ty,  voice quali ty,  inflect ion,  
noises,  and volume. Correlat ion of quali ty of speech with radiat ion and 
radical  neck procedures could not  be made due to the l imited number of  
subjects  in this  category.  
These results  provide further support  for  previous f indings of a 
s ignificant  correlat ion of esophageal  width and the quali ty of esophageal  
speech.  This suggests  the value of a  more extensive study of esophageal  
a ir  volume and speech quali ty.  
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CHAPTER I 
THE NATURE AND SCOPE OF THE PROBLEM 
Knowledge of cancer of the larynx dates back to Araetus in 100 
A.D. but records compiled before the 19th Century show confusion and a 
lack of accurate knov/ledge of diseases of the larynx. A more accurate 
understanding of laryngeal disease began with the invention of the 
laryngoscope by Manuel Garcia in 1855. In 1873 the first recorded 
laryngectomy operation for cancer was performed by Theodore Billroth of 
Vienna. Today more than 2,000 laryngectomy operations are performed 
each year in the United States. This is two to four percent of all 
cancers (Myerson, 1964). 
Since the turn of the century there has been a gradual improve­
ment in the understanding of cancer of the larynx. There still appears 
to be a great deal more to be learned concerning the origin and treat­
ment of this disease. Practically every type of malignancy can involve 
the larynx, with approximately 98 percent squamous cell and 2 percent 
sarcomas (Myerson, 1964). 
The origin of cancer of the larynx is still not definitely known 
although much has been written concerning contributory factors. Age, 
exposure to polluted air, smoking and other irritants, and vocal abuse 
have been implicated. Cancer of the larynx is most frequently seen in 
men between 40 and 60 years of age but it also occurs in females. The 
ratio of males to females who develop cancer of the larynx varies between 
10 to 1 and 32 to 1 (Myerson, 1364).  
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Treatment involves surgery and/or irradiation, depending upon 
the nature and the extent of the lesion. Surgery for cancer of the 
larynx may be classified as follows: peroral removal or stripping of 
the vocal cords, partial laryngectomy, total laryngectomy, laryngo-
pharyngectomy, and radical neck dissection. The total laryngectomy and 
laryngopharyngectomy operations result in the loss of voice. The 
patient is then faced with the problem of communication. 
Three paths of rehabilitation are open to the laryngectomized 
person. The first is the use of the electrolarynx. Introduction of an 
artificial larynx of the vibrating-reed variety dates back to the late 
19th Century and it seems that very few fundamental advances have been 
proposed in the past 90 years to facilitate vocal rehabilitation. Only 
7 percent of all laryngectomees accept the assistance of any type 
of mechanical device (Conley, 1958). Attempts have been made to 
establish tracheopharyngeal speech through operative techniques but 
surgery has been time consuming and complications frequent. 
(Montgomery, 1972). 
The least troublesome and most convenient method of artificial 
speech following a total laryngectomy is esophageal speech. This is a 
m e t h o d  o f  t a k i n g  a i r  i n t o  t h e  e s o p h a g u s  a n d  r e t u r n i n g  t h e  i n g e s t e d  a i r  
to the pharynx where it is converted to sound by a constriction of the 
h y p o p h a r y n x  f o r m i n g  a  " p s e u d o g l o t t i s " .  U n f o r t u n a t e l y ,  4 0  p e r c e n t  o f  a l l  
laryngectomees are not able to learn intelligible and socially acceptabl 
speech (Montgomery and Lavelle, 1974). 
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THE PROBLEM 
A review of the l i terature regarding esophageal  speech shows that  
there exists  wide disagreement concerning the contributory factors 
related to the 40 percent  fai lure of some laryngectomees to master  an 
acceptable quali ty of esophageal  speech.  The purpose of this  study is  
an at tempt to discover anatomic and physiologic features in the post­
operative s i te  related to the diff icult ies encountered by the laryn-
gectomized person in producing intel l igible and social ly acceptable 
esophageal  speech.  
The information accrued provided insight  into the reasons for  
the 40 percent  fai lure rate.  This may enable the rehabil i tat ion team to 
adjust  their  methods of  providing therapy.  The ul t imate goal  is  to 
faci l i tate acquisi t ion of good esophageal  speech and to increase the 
probabil i ty for  more laryngectomees to acquire this  method of  communi­
cat ion than is  currently possible.  
The Problem Statement 
This study investigated the anatomical  and physiological  factors 
related to the production of intel l igible and social ly acceptable 
esophageal  speech.  Through the use of  videoradiography,  answers were 
sought for  the following specif ic question:  What variants  of  anatomical  
and physiological  factors are found in successful  esophageal  speakers as 
opposed to unsuccessful  esophageal  speakers as classif ied by speech 
pathologists  on a seven-point  scale developed by Miller  (1975)? 
Limitat ions and Delimitat ions 
The research sample was l imited to male and female subjects  who 
had total  laryngectomy operations,  laryngeopharyngectomy operations,  and 
those who had radical  neck dissections.  These were subjects  who had 
total ly lost  laryngeal  speech.  The sample came from the Riverside-San 
Bernardino area of California because of their  availabil i ty.  The radio­
graphic studies were performed at  Riverside Community Hospital ,  Riverside,  
California.  The sample was l imited to those who were operated upon s ix 
months or  more ago,  to al low for adequate healing of the t issues.  
This study was l imited to the following anatomical  and physio­
l o g i c a l  f a c t o r s  ( F i g u r e  1 ) :  
1.  the height  of  the soft  palate.  
2.  the length of soft  palate contact  with posterior  pharyngeal  
wa 11.  
3.  the size of the hypopharynx.  
4 .  the length and movement of  pharyngo-esophageal  junction.  
5.  the maximum di lat ion of the cervical  esophagus.  
A l imitat ion of this  study was the lack of control  of  psycho­
logical  factors such as depression and poor motivation.  The sample was 
selected to represent  an average cross-section of the available laryn­
gectomy populat ion in Riverside and San Bernardino counties.  Several  
s tudies have indicated that  the psychological  factors may be a  small  part  
of  the total  picture for  laryngectomy rehabil i tat ion (Bsi  and Conley,  
1974; Keith,  e t  a! . ,  1974).  
- -Soft Palate 
LATERAL PROJECTION OF THE POST-LARYNGECTOMIZED ANATOMY 
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Other l imitat ions to be considered were observer subjectivi ty 
which were minimized by the fact  that  the observer was a  board cert if ied 
radiologist  of  the American Board of  Radiology with knowledge and 
experience of the subject  in question.  The subjectivi ty of the evalu­
at ion of radiographic data and the subjectivi ty of the judges '  evaluation 
of esophageal  speech quali ty made i t  impossible to specif ical ly control  
these factors.  
HYPOTHESIS AND ASSUMPTIONS 
Hypothesis  
The success or  fai lure of acquiring intel l igible and social ly 
acceptable esophageal  speech is  due to the variat ions in the anatomical  
s tructure and abnormal movements of  these structures at  the post­
operative s i te .  
Assumptions 
I t  is  assumed that:  
1.  the sample of  laryngectomees s  their  intel lectual ,  psycho­
logical  and learning abil i t ies are representat ive of the total  populat ion 
of laryngectomees in this  community.  
2 .  the radiologist  evaluating the radiographic data is  qualif ied 
by cert if icat ion of the American Board of  Radiology.  
3.  the anatomic structures being evaluated were functioning 
normally prior  to disease and the subsequent laryngectomy procedure.  
DEFINITION OF TERMS 
7 
C3-C7, arid T1-T2 
C3-C7 and T1-T2 refer to symbols for levels of cervical and 
thoracic vertebrae. 
Esophagus 
The esophagus is a collapsible tube, about 10 inches long, 
extending from the pharynx to the stomach and resting posteriorly to the 
trachea. 
EW 
EW is the symbol referring to the esophageal width in this study. 
Hypopharynx 
The hypopharynx is the lower aspect of the pharynx. 
Laryngectomy 
A laryngectomy is an operation involving removal of the larynx. 
Laryngopharyngectomy 
A laryngopharyngectomy is the removal of the laryngopharynx 
for extension of the primary lesion (in the larynx) into the laryngo­
pharynx. 
Larynx 
A larynx is an unpaired midline structure in the anterior neck 
which forms the superior terminal of the respiratory passage. It is 
located between the trachea inferiorly and the pharynx superiorly. It 
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is  often called the voice box because within i t  are the vocal  cords.  
Miller 's  Seven-Point  Scale 
Miller 's  seven-point  scale is  a rat ing scale for judging the 
intel l igibil i ty of esophageal  speech samples.  I t  is  based on seven 
factors (phrasing,  pronunciat ion,  understandabil i ty,  voice quali ty,  
inflect ion,  noises,  volume) and each of  these is  given a score from one 
to seven with four being average.  
Pharyngoesophageal  (PE) Segment 
The pharyngoesophageal  segment is  the junction between the 
pharynx and esophagus which forms the vibrat ing segment for  esophageal  
speech.  
Pharynx 
The pharynx is  a tubelike structure,  5 inches long,  that  extends 
from the base of  the skull  to the esophagus and l ies  just  anterior  to the 
cervical  vertebrae.  I t  has three parts:  one located behind the nose,  
the nasopharynx; one behind the mouth,  the oropharynx; and another behind 
the larynx,  the laryngopharynx.  
Radical  Neck Dissection 
A radical  neck dissection is  the removal of  the sternocleido­
mastoid muscle,  tai l  of  the parotid gland,  submaxil lary gland,  11th 
cranial  nerve,  and internal  jugular  vein,  as well  as  lymph nodes and 
fat ty areolar  t issue in order to remove al l  lymph structures of the 
lateral  neck.  
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Soft Palate 
The soft palate is the mobile, muscular, posterior portion of the 
palate that separates the nasal cavity from subadjacent structures. 
Traecheostomy 
A traecheostomy is a surgical opening connecting the anterior 
aspect of the upper traechea to the anterior aspect of the neck. 
Videoradiography, Videofluoroscopy 
Videoradiography or videofluoroscopy is x-ray visualization of 
moving antomical structures recorded on videotape. 
CHAPTER II  
REVIEW OF THE LITERATURE 
There exists  great  variat ion in the ease in which esophageal  
speech is  acquired.  Some develop i t  in a few weeks without professional  
help,  while others fai l  to learn i t  even with professional  help.  
Various reasons have been investigated in the past  as factors 
associated with successful  esophageal  speech.  These have been the 
psychological  factors,  educational  methods,  methods of  surgical  rehabil i­
tat ion,  and,  more recently,  anatomic and physiologic features of  the 
post- laryngectomized patient .  
Moses (1974) suggested that  psychological  guidance is  necessary 
because of the comparatively high percentage of suicidal  tendencies 
before and after  a laryngectomy and also because of  fai lure of many 
patients  to at tend to special  rehabil i tat ion classes for  any length of 
t ime.  The speech pathologist  needs the psychological  t raining and in­
sight  to recognize the at t i tudes of his  patients  toward communication for  
successful  esophageal  t raining.  He bases this  belief  on his  observations 
of  how previously compensated emotional  tendencies in a patient  become 
act ivated through a laryngectomy. He feels  those who do not  speak are 
committ ing symbolic suicide.  
Diedrich and Youngstrom (1971) found that  less talking v/as done 
by the laryngectomees fol lowing surgery,  even though he has the abil i ty 
to do so.  The majori ty of  laryngectomees they studied were uncomfortable 
talking to strangers because of  embarrassment;  when not  being able to 
make themselves understood; when not  being able to speak quiet ly and 
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control  coughing through the stoma in public.  They believed that  the 
psychological  trauma sustained by the laryngectomee was not  given ade­
quate considerat ion and that  professional  workers and investigators 
neglected the psychological  needs of  those who fai l  to make adequate 
adjustments to the laryngectomy procedure.  Locke (1966) fel t  that  those 
laryngectomees who are severely depressed,  sensit ive,  or  anxious have 
greater  diff iculty in developing esophageal  speech.  
A more formal at tempt to study the psychologic problems in re­
lat ion to fai lure at  esophageal  speech was done by Keith,  Ewert ,  and 
Flowers (1974).  The results  indicated that  age,  educational ,  and psycho­
logic variables were not  as  important  to success in learning esophageal  
speech as indicated by previous authors.  
Various methods of  surgical  rehabil i tat ion have also been 
at tempted to restore voice.  Conservation surgeries have been used widely 
to preserve the important  functions of the original  larynx as closely as 
possible.  Constructive surgery has been implemented to rebuild a new 
larynx after  total  laryngectomy. The other type of surgical  rehabil i­
tat ion was phoniatr ic surgery in which a  rather minor modificat ion or  re­
adjustment of the pseudoglott is  can result  in change in voice quali ty.  
Unfortunately,  none of these procedures have been consistently beneficial  
to voice production and the result ing voice was not  rel iably predicted 
(Koike,  Iwai and Morimoto,  1974).  
Several  s tudies have been done in the past  to at tempt to discover 
the structures involved in esophageal  speech production in post-operative 
laryngectomees.  Winana,  Reichbach,  and Waldrop (1974) performed tests  
w i t h  i n t r a l u m i n a l  m a n o m e t r y  i n  t w o  g r o u p s  o f  l a r y n g e c t o m e e s ,  t h o s e  f l u e n t  
1 2  
in esophageal  speech and those unable to speak esophageally.  From 
pressure date in the body of the esophagus and stomach,  i t  was found that  
good speakers had s ignificantly lower cricopharyngeal  sphincter  pressures 
than poor speakers.  Loss of  cricopharyngeal  sphincter  function,  there­
fore,  seemed to play an important  role in permitt ing air  to be forced 
into the esophagus and,  thus,  al lowing sound to be produced.  The magni­
tude and function of the lower esophageal  sphincter  was normal in both 
good and poor speakers.  
A radiographic study of esophageal  phonation in both good and 
poor speakers was performed by Montgomery and Lavelle (1974) to evaluate 
pi tch and volume. They observed sphincter  function occurring at  the 
inferior  constr ictor  level  (cricopharyngus muscle)  in successful  
esophageal  speakers and lacking in poor esophageal  speakers.  Damste 
(1974) also emphasized the requirement of  a relaxed cricopharyngeal  
sphincter  muscle for  good esophageal  voice in his  f luoroscopic x-ray 
study.  He also noted divert icula in the anterior  wall  of  the pharyngo-
esophageal  segment,  caused by a weak point  in the suturing of the pharynx 
which has given way during the healing process.  Viewed also during the 
x-ray study was the associat ion of weak voice with f laccidity of the 
pharyngeal  wall  of  the level  of  the pseudoglott is .  
One other radiographic study performed by Diedrich and Youngstrom 
(1966) resulted in the following conclusions:  
1 .  no s ignificant  correlat ion between speech skil l  and width of  
the hypopharynx during air  intake.  
2.  the level  of  the pharyngo-esophageal  (P-F) junction was a t  
^5_6» Cg. 
3.  extreme diversi ty of the morphological  s tructure of the P-E 
segment.  
4.  correlat ion of length of the P-E segment and speech skil l  
was not  s ignificant .  
5.  movement of  the neoglott is  and speech skil l  appeared insig­
nif icant .  
6.  width of the esophagus was s ignificant  at  .01 level .  
7.  velopharyngeal  closure was maintained during production of 
nasal  sounds.  
I t  appears that  with recent  improvements in f luoroscopy machinery and 
techniques and with the scarci ty of more current  studies in this  area,  
further information can be accrued from a videofluoroscopic investi­
gation of the anatomic and physiologic factors involved in esophageal  
speech.  
CHAPTER I I I  
METHOD 
Sampl e  « 
Eighteen members  of  the Nu-Voice Club of  Rivers ide and San 
Bernardino Counties  were included in  this  s tudy.  I t  was fe l t  that  this  
group represented a  good cross-sect ion of  the populat ion of  western 
Riverside and San Bernardino,  which have an es t imated populat ion of  
500,000,  and was readi ly  accessible  for  evaluat ion.  
According to  the American Cancer  Society,  the incidence of  
cancer  of  the larynx is  3-4 per  100,000 with approximately half  
eventual ly  undergoing laryngectomy.  Therefore ,  approximately 8-10 new 
laryngectomies  are  performed in  this  region annual ly .  See Appendix H 
for  a  descr ipt ion of  the sampe.  
MATERIALS AND SOURCES 
Evaluat ion of  the qual i ty  of  esophageal  speech of  the post laryn-
gectomees was done with the procedure used by Mil ler  (1975)  in  her  
Master ' s  thesis .  A seven-point  scale  was used by select  judges with 
"one" being the "poor"  score and "seven" the "superior"  score (Appendix 
F) .  Seven qual i ta t ive speech dimensions were observed and ra ted +,  - ,  or  
0  for  their  posi t ive or  negat ive effect  on the given score.  These were:  
1 .  number of  words said in  one phrase.  
2 .  pronunciat ion.  
3 .  understandabi l i ty .  
4 .  voice qual i ty .  
14 
5. inflect ion.  
6.  noises (stoma noise and klunking).  
7.  volume. 
Information,  regarding the type of surgical  procedure performed 
and whether there had been any radiat ion therapy performed, was obtained 
from each patient 's  questionnaire (Appendix B).  This gave information 
in order to see i f  the kind of therapy correlates later  with any visible 
anatomic or  physiologic impairment relat ive to forming good esophageal  
phonation.  
X-ray evaluation consisted of examination of each person by a 
ful ly trained diagnostic radiologist ,  cert if ied by the American Board of  
Radiology.  The Picker Galaxy GX-600 f luoroscopy unit  with a nine-inch 
image intensif ier  and Picker eight-inch television monitor was ut i l ized.  
A permanent videotape recording was made with the Sony U-matic video-
cassette recorder with three-quarter  inch tapes.  The Hitachi  MOM-1500 
video disc recorder with playback and freeze-frame modes was ut i l ized 
for  obtaining the necessary anatomical  measurements.  
METHODOLOGY 
Data Collection 
Eighteen judges,  s ix speech pathology students at  Loma Linda 
Universi ty,  s ix ASHA cert if ied speech pathologists ,  and s ix lay judges 
rated the eighteen speech samples using a seven-point  scale with "one" 
being "poor" speech and "seven" being the "superior" score (Appendix 
F) .  They were told that  the average was "four."  A 3" x 5" rat ing card 
was used for  scoring each subject  (Appendix E).  Each card contained a 
number in the upper lef t  hand corner to identify the speaker being 
rated,  and a number in the r ight  to identify the judge performing the 
rat ing.  A set  of eight  boxes present  on the card corresponded to the 
factors being rated,  with the eighth one for  the overall  score.  The 
factors judged were l is ted previously in the "Materials" section of 
this  chapter .  These factors were labeled "A" through "G" and rated +,  
- ,  0,  with (+) meaning that  the factor rated contributed in a posit ive 
way to the overall  score,  (-)  that  the factor rated contributed nega­
t ively to the overall  score,  or  (0)  that  the factor did not  have any 
effect  on the overall  score.  The subject  was given a copy of  "The Rain­
bow Passage" (Appendix A) with instructions (Appendix C) to read i t  aloud 
These readings were taped using the Lanier/Ediset te 1977 audiocassette 
recorder.  The microphone was held about one or  two inches from the 
speaker 's  mouth.  Another esophageal  speaker was taped and judged by 
three professional  speech pathologists  to be average.  This tape was pre­
sented prior  to the review of tapes of  the sample populat ion as a refer­
ence point  for  rat ing each of the test  subjects .  A preparatory statement 
(Appendix D) was taped prior  to presentat ion of the eighteen samples to 
identify the sample number rated.  There was a  ten-second interval  be­
tween each presentat ion.  
The radiologist  then proceeded with f luoroscopic examination of  
each individual .  The presence or  absence of the hyoid bone,  which is  
related to normal tongue movement,  was noted.  Each person was given 
Esophatrast ,  a  thick barium syrup,  in order to better  visualize the 
anatomic structures related to alaryngeal  phonation.  Visual  observations 
included pharyngo-esophageal  junction level  related to the cervical  spine 
length and shape of the pharyngo-esophageal  junction,  and whether or  not  
the tongue occluded the oral  or  pharyngeal  cavit ies during air  intake 
and phonation.  This port ion of the exam was recorded on the video­
tape cassette recorder with the sound t rack.  Uti l izing the Hitachi  disc 
recorder,  the examination was reviewed and stop frames of the specif ic 
instants of speech production were obtained.  Direct  measurements were 
taken from the Hitachi  monitor and converted to actual  s ize measurements 
using the appropriate magnificat ion factor.  Measurements were taken in 
mil l imeters as fol lows: maximum height  of soft  palate above hard palate 
length of soft  palate contact  with posterior  pharyngeal  wall ;  lateral  
length and width of the hypopharynx; length of pharyngoesophageal  
junction;  maximum diameter of  cervical  esophagus.  
Analysis  of  Data 
Since this  v/as a  comparative study of a s ingle populat ion of 
laryngectomees,  measuring quali ty of voice against  differences in 
function and in structure,  the correlat ion coefficient  was used to 
measure the strength of the associat ion among these variables.  The 
Spearman rank correlat ion coefficient  test  was used to rank al l  members 
of  the sample combined and cast  into ranks from good esophageal  speakers 
to poor speakers.  Each member of  the group was correlated with the 
radiographic f indings on structure and function of the pseudoglott is  and 
the correlat ion coefficient  given.  The Spearman test  was also used to 




Visual observations by the radiologist revealed the following 
findings: 
1. Height of soft palate ranged between 2 and 9 mm. 
Length of the soft palate ranged between 15 and 28 mm. 
2. Tongue movement and swallowing was normal in all subjects. 
3. Length of the hypopharynx ranged between 47 and 87 mm. 
Width of the hypopharynx ranged between 14 and 30 mm. 
4. The level of the PE segment ranged between C3 and C7 with 
one subject at T1-T2. 
The length of the PE segment ranged between 4 and 46 mm. 
5. Esophageal width ranged between 0 and 25 mm. 
Tables 1 and 2 illustrate the variables used and the radiologist's 
observations. 
The statistical procedure used to analyze the raw data was the 
Spearman test. Using the Spearman Rank Correlation coefficients, the 
height and length of soft palate contact were below the critical r of 
.475 and, therefore, were not significantly correlated to successful 
esophageal speech, determined by scores of the eighteen judges. The 
pharyngo-esophageal length and the hypopharyngeal length and width did 
not correlate significantly with successful esophageal speech quality. 
Significant correlations were found between esophageal width and 
overall esophageal speech scores, factors A, B, C, D, E, F, and G. Cor­
relation of width of the esophagus and overall esophageal speech scores 














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Variables Used for the Spearman Rank Correlations 
OVERSPO 1 to 12 Overall Score of Each Speech Pathologist Referring 
to Each Subject 
OVERLMO 1 to 6 Overall Scores of Each Lay Judge Referring to Each 
Subject 
A Number of Words Said in One Phrase 
B Pronunciation 
C Understandability 
D Tone of Voice 
E Inflection 
F Outside Noises 
G Volume 
EW Esophageal Width 
PEL Pharyngoesophageal Length 
SPH Soft Palate Height 
SPL Soft Palate Length 
HW Width of Hypopharynx 
HL Length of Hypopharynx 
XRAY Radiation Therapy as Part of Treatment 
RADN Radical Neck Surgery as Part of Treatment 
BOTH Both Radiation and Radical Meek Surgery 
OVERALL Overall Score of Each Subject 
21 
esophagus and each of factors A through E were significant at the level 
of 0.01 and each of F and G at 0.02. (Appendices I, J, K, L, M) 
Their values of radiation therapy and radical neck procedures 
with esophageal speech were below the level of significant correlation. 
There was no correlation between overall speech quality scores and 
those subjects who had undergone both forms of treatment. Appendix L 
describes this correlation. 
CHAPTER V 
DISCUSSION 
Slight  variat ions in the methodology were found to be necessary.  
During the f luoroscopy,  i t  was noticed that  background noise from the 
machinery interferred with clear  voice recording on the videotape 
machine.  Also,  the drying effect  of the barium paste,  which was 
swallowed by each subject  to visualize the esophagus on x-ray,  inter­
ferred with esophageal  voice production and quali ty.  Therefore the 
subjects  read the passage on a tape recorder in a separate quiet  room 
prior  to the x-ray examination.  
I t  was fel t  that  the group of judges should also include nori-
speech related individuals,  s ince the laryngectomized person must  com­
municate frequently with laymen. The s ix lay judges included three 
males and three females al l  with college or  above education and al l  with 
l i t t le  previous knowledge or  contact  with laryngectomized individuals.  
The procedure and instructions on rat ing voice quali ty were the same with 
the exception of explanations and examples of  factors A through G. I t  is  
interest ing that  the lay judges '  scores correlated significantly at  the 
level  of  0.001 with the scores given by the speech pathology judges.  The 
raw data is  indicated in Tables 3 and 4.  
Several  observations need to be mentioned which were made during 
the study and which have an unknown effect  on the results .  These are 
i l lustrated in Table 1 of Chapter  IV. Subject  9 had no esophageal  a ir  

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































air  intake and s t rong vocal  qual i ty  during the majori ty  of  the passage 
reading but  extreme nervousness  and shortness  of  breath great ly  de­
creased his  vocal  eff ic iency by the end of  the reading.  The radiologis t  
fur ther  observed that  esophageal  a i r  intake appeared to  coincide with 
t raecheostomy a i r  intake though the passages had been separated by 
surgery.  Another  interest ing observat ion was on subject  14.  This  sub­
ject  had undergone a  radical  neck procedure in  addi t ion to  the total  
laryngectomy.  With digi ta l  pressure on the s i te  of  the radical  neck 
procedure,  a t  the level  of  the PE segment ,  esophageal  speech qual i ty  
improved considerably over  speech qual i ty  without  the digi ta l  pressure.  
Another  var iant  observed was the diverse  appearance (shape,  length and 
diver t icula)  of  the PE segment  of  several  subjects .  One of  these sub­
jects ,  having two diver t icula  on the PE segment ,  had a  wide esophageal  
width but  poor  vocal  qual i ty .  The f inal  var iant  observed was in  type of  
breathing.  Subjects  using abdominal  breathing for  esophageal  a i r  intake 
seemed to  have bet ter  vocal  qual i ty  scores  than the thoracic  breathers .  
Summary and Conclusions 
A summary of  research received based on f indings of  th is  s tudy 
are  presented below: 
1 .  Height  and length of  the sof t  palate  var ied widely among 
subjects .  Soft  palate  height  and length did not  correlate  
with successful  esophageal  speech qual i ty .  Velopharyngeal  
c losure was normal  in  a l l  subjects  as  was tongue posi t ion 
and movement .  
2 .  There was no correlat ion between length and width of  the 
hypopharynx and successful  esophageal  speech qual i ty .  
3 .  The level  of  the PE segment  var ied widely among the subjects  
but  correlated with nei ther  esophageal  speech qual i ty  nor  
with factors  A through G.  
26 
4. Correlat ion was highly s ignificant  between esophageal  
width and successful  esophageal  speech.  
5.  Esophageal  width and factors A through G correlated signifi­
cantly.  
Recommendations for  Further Research 
A summary of  research recommended,  based on f indings of this  
study are given below: 
1 .  Based on the fact  that  the esophageal  width (air  source) 
correlated strongly with successful  esophageal  speech while 
the PE segment (vibrat ing segment)  did not  correlate to 
esophageal  speech quali ty,  a s tudy measuring esophageal  a ir  
volume and i ts  correlat ion to successful  esophageal  speech 
might be of  value.  
2.  Because there were too few subjects  in this  study to corre­
late radiat ion treatment,  radical  neck procedure and esopha­
geal  speech quali ty,  i t  is  suggested that  a larger study may 
reveal  more conclusive correlat ions.  
3.  Visual  observations of abdominal  and thoracic breathers in 
this  study raises the possibil i ty of a relat ionship with 
esophageal  speech quali ty especial ly in relat ion to phrasing 
and volume. This needs further study.  
4.  Digital  pressure for  these with radical  neck procedures and 
i ts  relat ionship to esophageal  speech quali ty needs addi­
t ional  considerat ion.  
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I give Dr. Raymond P. Sakover permission to do an x-ray exami­
nation (fluoroscopy) of my throat for the purpose of studying the way my 
voice is formed. I understand that the amount of x-ray to be used will 
not be harmful or the examination uncomfortable. I will be asked to 
answer several questions about my laryngectomy and then to read a short 
paragraph during the x-ray. My voice will be recorded at the same time 
on a tape recorder and the x-ray will be recorded on videotape. 
I give Patricia E. Sakover permission to use any information 
obtained from this study for her Masters Thesis. This information will 
be used only for researching the relationship between the quality of 
esophageal speech and the x-ray examination of the throat. My name and 
the nature of the information will remain anonymous. 
I can withdraw my consent or decide not to participate m this 
study at any time. I understand that this will not influence any 
treatment that I may receive from my doctor or speech therapist. If 
t h e r e  a r e  a n y  q u e s t i o n s  o r  i f  f u r t h e r  i n f o r m a t i o n  i s  n e e d e d  I  c a n  c a l l  







Date of Birth: ' 
How long has it been since the laryngectomy was performed? 
Did you receive radiation (x-ray) treatments? 
If so, how many treatments did you receive? 
Were these treatments before or after the surgery? 
Have you had speech therapy since the operation? " 
How long were you in speech therapy? 
Do you have any problems with eating, with the stoma, or anything else 
related to the laryngectomy? ' 
What type of communication are you presently using? 
Do you use this all of the time and, if not, what other methods do you 
use? 
If you are using esophageal speech, do you feel you have any problems 
with it? What are these problems? 
Laryngectomy Questionnaire Page 2 
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What is your opinion of esophageal speech as a method of communication 
after a laryngectomy operation? t  • 
What type of surgery was performed? Total laryngectomy, 1aryngopharyn-




SCRIPT FOR SUBJECTS'  DIRECTIONS 
( informally s ta ted to  each subject)  
Firs t ,  I  would l ike you to  f i l l  out  this  quest ionnaire .  After  you have 
f inished I  wil l  tape you reading a  short  paragraph.  The information 
obtained from this  quest ionnaire  and tape recording wil l  be used for  
educat ional  purposes  as  par t  of  a  s ta t is t ical  analysis .  You wil l  remain 
an anonymous subject  in  the s tudy.  You may read through the paragraph 
yourself  before  I  tape you.  Do you have any quest ions about  the reading 
or  any other  par t  of  the procedure? 
APPENDIX D 
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TAPED PREPARATORY STATEMENT 
(read by the investigator before each segment of the rating tape) 
Make sure that you have the card for subject number in front of 
you. You will first hear the average speaker sample which will be 
immediately followed by the subject that you are to rate. 
APPENDIX E 
JUDGES' 'RATING CARD 
Judge # 
Subject # 
Score A B C D E F G 
APPENDIX F 
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JUDGES' EXPLANATION SHEET 
Passage read by al l  subjects:  
"When the sunlight  s tr ikes raindrops in the air ,  they act  l ike a 
prism and form a rainbow. The rainbow is  a division of white l ight  into 
many beautiful  colors.  These take the shape of a  long round arch,  with 
i ts  path high above,  and i ts  two ends apparently beyond the horizon." 
Scale for  rat ing the speakers:  Assign each speaker one score by comparing 
him to the average speaker who has been rated as a four on the seven-point  
proficiency scale.  
-1-  -2-  -3-  -4-  -5-  -6-  y-
poor average superior 
Write the rat ing for each subject  in the box labeled "score" on the rat ing 
card.  
Other rat ings:  
The categories are as follows: 
A: number of  words said in one phrase (speed) 
B: said words clearly (pronunciat ion,  dict ion,  etc.)  
C: understandabil i ty 
0:  tone of voice (quali ty)  
E: inflect ion 
"outside" noises (stoma whist l ing,  air  trapping noises,  klunkinq,  
e tc.)  
volume ( loudness)  
means that  i t  had a posit ive influence upon the score 
means that  i t  had a negative influence on the score 
means that  i t  had no effect  on the score 
APPENDIX G 
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SCRIPT FOR JUDGES' DIRECTIONS 
(read to the judges out loud at the beginning of the rating session) • 
You are going to judge the speech proficiency of esophageal 
speakers, both male and female, all of whom have undergone total laryn­
gectomies. The passage at the top of the page that you have been given 
will be read by each of the speakers. You have also been given a set of 
eighteen cards, each with numbers in both the upper right and left hand 
corners. The number in the right hand corner should be the same on all 
of your cards and is there merely to identify you as a judge. The number 
in the left hand corner should correspond to the number of the speaker 
whom you are judging. Each speaker has been assigned a number (one 
through eighteen) which will be announced before you are to rate him. 
You will first hear an esophageal speaker who has been rated by 
several experts in the field as being of average proficiency. He has been 
assigned a score of four on the seven-point rating scale which you will 
find on the page in front of you. Immediately following the average 
speaker sample you will hear the speaker whom you are to rate by com­
paring him to the average speaker whom you should consider to be a four 
on the seven-point scale. If you consider the speaker to be below the 
average level you would give him a score somewhere between one and three, 
one being the lower rating on the scale. If you judge the speaker as 
being above average you would give him a rating somewhere between five 
and seven, seven being the highest score possible. If the speaker seems 
39 
average you would rate him as a four on the scale.  
On each card there Is  a set  of boxes.  The rat ing which you have 
assigned the speaker based on the seven-point  scale should be writ ten in 
the box on the far  left  labeled "score."  Along with giving a numerical  
score based on the seven-point  scale you are to make decisions about the 
categories l is ted under "other rat ings" on the page in front  of you.  
These categories,  l is ted as A through G include:  
A: number of  words said in one phrase 
B: said words clearly (pronunciat ion,  dict ion,  etc.)  
C: understandabil i ty 
D: tone of voice (quali ty)  
E: inflect ion 
F: "outside noises:  (stoma whist l ing,  air  trapping noises,  
kl inkinq,  etc.)  
G: volume ( loudness)  
The boxes on the cards labeled A through G correspond to each of  
these categories.  If ,  for  any of  the categories l is ted below, the speaker 
is  especial ly good and this  had a posit ive influence on the score,  put  a  
plus in the boxes corresponding to the categories.  If  for  any of  the 
categories,  the speaker is  especial ly poor put  a minus in the correspond­
ing boxes.  If  any of the categories were average and did not  affect  the 
speaker 's  score ei ther posit ively or negatively put  a 0 in the correspond­
ing boxes.  (Show sample and explain i f  necessary.)  
Are there any questions? Again,  the f i rst  speaker that  you wil l  
hear wil l  be the sample average speaker.  Following this  you wil l  begin 
the actual  procedure of  rat ing eighteen subjects ,  ihe identif icat ion 
number of  the speaker wil l  be announced before hearing the average 
speaker.  The recording of the speaker whom you are to rate wil l  immedi­
ately follow the average sample.  You may begin writ ing down your rat ings 
40 
at any time after the subject has begun speaking. There will be a ten-
second pause between each rating. When you have completed the ratings on 
each card please place the card at the upper corner of your desk where 
it will be picked up between speakers. 
41 
APPENDIX H 
Description of Sample 





1 F 4-05 ' '  14 
2 F 1-19 12 
3 M 11-21 13 Yes Yes 
4 M 10-06 43 
5 M 11-18 6 Yes Yes 
6 M 10-05 41 
7 M 11-09 192 
8 M 12-19 39 Yes Yes 




11 F 5-06 240 
12 M 9-06 37 Yes 
13 M 7-23 8 Yes 
14 M 9-12 168 Yes 
15 M 3-06 77 
16 M 6-10 12 Yes 
17 M (1899) 14 Yes 
18 M 11-24 94 Yes 
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APPENDIX I  
Dis t r ibut ion  of  Sample  
Subjec t  
Overa l l  
Score  
+2 S .D.  to  +1 S .D.  to  
+1 S .D.  +0 S .D.  
+0 to  
-1  S .D.  
-1  S .D.  to  
-2  S .D.  
1  2 .6  X 
2  5 .1  X 
3  3 .0  X 
4  5 .9  X 
5  1 .7  X 
6  6 .0  X 
7  5 .4  X 
8  3 .3  X 
9  1 .0  X 
10  5 .4  X 
11  6 .7  X 
12  3 .7  X 
13  4 .6  X 
14  4 .8  X 
15  3 .1  X 
16  2 .5  X 
17  2 .6  X 
18  5.8 X 
M e a n  = 4 . 1  
S.D.  -  1 .8  
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APPENDIX J 
MEANS AND STANDARD DEVIATIONS OF ALL VARIABLES 
Variable Mean 
Standard 
Deviation Minimum Maximum 
0VERSP01 3.500000 1.723539 1.000000 7.000000 
0VERSP02 2.944445 1.304843 1.000000 6.000000 
0VERSP03 3.555556 1.580105 1.000000 6.000000 
0VERSP04 3.333333 1.814970 1.000000 7.000000 
0VERSP05 3.944444 2.013841 1.000000 7.000000 
0VERSP06 4.222222 1.864705 1.000000 7.000000 
0VERSP07 4.555556 1.885618 1.000000 7.000000 
0VERSP08 4.555556 1.756407 1.000000 7.000000 
0VERSP09 4.722223 1.903729 1.000000 7.000000 
0VERSP10 5.111112 1.745208 1.000000 7.000000 
OVERSPl 1 4.444444 1.916560 1 .000000 7.000000 
0VERSP12 4.388889 2.090283 1.000000 7.000000 
OVERLMOl 4.000000 1.714986 1.000000 7.000000 
0VERLM02 3.944445 1.984417 1 .000000 7.000000 
0VERLM03 4.666667 1.680336 1.000000 7.000000 
0VERLM04 3.722223 1.601674 1.000000 6.000000 
0VERLM05 4.000000 1.782266 1.000000 7.000000 
0VERLM06 3.722223 1.994273 1.000000 7.000000 
A 9.722222 7.027723 0.000000 18.000000 
B 11.166666 6.546216 0.000000 18.000000 
C 9.888889 6.927260 0.000000 18.000000 
D 6.333333 5.224377 0.000000 16.000000 
E 6.111111 4.638571 0.000000 17.000000 
F 2.500000 3.014670 0.000000 10.000000 
G 8.222221 5.116933 0.000000 17.000000 
PEL 3.277778 1.742397 1.000000 7.000000 
EW 4.055555 1.797784 1.000000 7.000000 
SPH 3.222223 2.016274 1.000000 7.000000 
SPL 5.111111 1.131833 4.000000 7.000000 
HW 4.333333 1.028992 3.000000 6.000000 
HL 3.666667 1.970369 1.000000 7.000000 
EW 4.055555 1.797784 1 .000000 7.000000 
XRAY 1.722222 0.460889 1.000000 2.000000 
RADN 1.611111 0.501631 1.000000 2.000000 
BOTH 1.833333 0.383483 1 .000000 2.000000 
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